In order to study the vibration transfer characteristics of passenger car door, modal and vibration transfer function of passenger car door are simulated by using HyperMesh and Nastran synthetically. The accuracy of the finite element model is verified through modal analysis. According to the first two modes, the position of transfer function response points is confirmed. The vibration transfer functions are simulated and the accuracy of the simulation is verified by test. The research shows that the natural frequency of a passenger car door is not necessarily a pole of the passenger car door transfer function. On the contrary, a pole of transfer function is bound to be a natural frequency of the passenger car door, which is of directive significance to study the NVH characteristics of the passenger car door structure.
INTRODUCTION
As people's pursuit of car comfort become higher and higher, the research on NVH characteristics [1] becomes more and more thorough. As an important part of the car body, the door is the main channel to connect the passengers and the outside environment, so it is very important to study its NVH characteristics. Because the vibration of the door mainly comes from the engine and the road excitation, the vibration of the door provides an effective scheme and train of thought for the study of the NVH characteristics of the whole vehicle.
Zhang Jinhuan et al [2] carried out an experimental study on the abnormal vibration of a medium-sized passenger car door. The experimental modal analysis method was used to analyze the mechanism of abnormal vibration of the car door. By using DASP data acquisition and analysis system, Lei Ming et al [3] calculated the transfer function [4] of each measuring point, and calculated the modal frequency of each order by the polyLSCF method in DASP software modal analysis module. CJ Kim et al [5] proposed a vibration testing model for SLAM testing, which presented a failure model for impact tests to assess their fatigue resistance. At present, the research on car door vibration is mainly through the experimental test or simulation software (ANSYS, HyperWorks, etc.) to conduct the modal analysis of the car door. There is less analysis from the perspective of the vibration transfer function. The finite element software HyperMesh and Nastran are taken to carry out the vibration transfer function simulation analysis and the accuracy of simulation is verified by test. Then the relation between the transfer function and the natural frequency of the system is analyzed, so as to provide the basis for reducing vibration and noise of the vehicle door or even the whole car.
_________________________________________

CAR DOOR MODEL AND ANALYSIS THEORY
Car Door Model
The car door is an important component of the car body. It consists of shell, accessory and trim board. The shell is composed of inner plate and outer plate et al which are connected by welding, bonding and other processes. The inner and outer plates are punched by steel plates, and the shape of the outer plate is coordinated with the whole vehicle. The inner plate is provided with various shapes of holes, nests and reinforcing ribs so as to increase strength and install accessories. Various reinforcing plates and brackets are welded on the inner plate to increase strength and rigidity. After the door is installed, the inner panel is covered with the trim board to harmonize with the interior decoration.
A car door is taken as the research object in this paper, as shown in Fig 1. A car door is mainly consisted of the inner plate ① and the outer plate ②, and the inner plate is welded with reinforced plate ③. ④, ⑤ in Figure 1 are car door hinge, and ⑥ is door lock.
The finite element model of the car door is established in HyperMesh. The geometry such as fillet and corner of the CAD model is cleaned up before meshing. Too large mesh size will cause the inadequate calculation accuracy and too small grid size will increase the time of calculation, so the grid size is set as 8mm based on the size of small parts such as the small hole and door hinges in the door.
Most of the components of the door are thin-walled stampings, so the shell element is used to discretize them. The welding spots on the door are replaced by rigid connections, and two sheets are connected by adhesive connection. Different parts of the door are made of different grades of steel, the difference is mainly in strength, elongation and other parameters, and the basic performance parameters related are the same, as shown in Table 1 .
Modal Analysis Theory
Modal analysis is a modern method to study the dynamic characteristics of structures. It is the application of system identification method in engineering vibration field. Mode is the natural vibration characteristic of mechanical structure, and each mode has specific natural frequency, damping ratio and mode shape. The vibration differential equations of the multiple-degree-of-freedom system after discrete treatment can be transformed into the dynamic problems in structural dynamics modal analysis.
Where [M] is the mass matrix, [C] is the damping matrix, [K] is the stiffness matrix, {f(t)} is the excitation vector, and {x(t)} is the response vector.
It is assumed that the vibration system is free vibration and that damping is neglected:
This is the two order constant coefficient homogeneous linear differential equations. The form of its solution is
Bring (3) into (2):
This is a generalized eigenvalue problem. For the n degrees of freedom system, the characteristic solution (w12, {φ1}), (w22, {φ2}), …, (wn2, {φn}) can be obtained by solving the equations, where the w1, w2, …, wn represent the n natural frequencies corresponding to the system (orthogonal modes). Since the structure is a linear combination of different modes of vibration in any mode of vibration, the real effect of vibration can be achieved by linear superposition of different modes when forced vibration occurs.
Transfer Function Theory
The transfer function is the relationship between the input and output of the object which has a linear characteristic between the output waveform and the input waveform represented by the ratio of the Laplasse transform [6] . For linear systems, there is an incentive or input, it must have an input and output. However, the linear system is not only a single input -single output but also a single input-multiple output [7] .
The linear system theory shows that there is a definite relationship between the excitation and the response of the single input and single output system. If the excitation is a time-domain function x(t), and the response is another time-domain function y(t), there is also a time-domain function in the linear system, called the impulse response function h(t). There is a convolution relation between these three functions:
Does Fourier transform on both sides of equation (1), and equation (6) is obtained according to convolution theorem
Where X(w),Y(W) and H(w) are the Fourier transform [8] of the excitation function x(t), the response function y(t) and the impulse response function h(t) respectively, and H(w) is called the transfer function or frequency response function of the linear system [9] .
The vibration of a car door can be seen as the result of the actions of multiple excitations. The outer surface must be measured in different parts of the engine, so the engine should be considered as a multiple input and multiple output system. The relationship between Fourier transform of excitation and response and transfer function can be expressed as equation (7). 
Where Hji(w) is the transfer function between the r point and the j point. The equations of motion for single degree of freedom linear systems in time domain are considered:
Where m is mass, c is damping, k is stiffness, and Fourier transform is conducted on both sides of equation (8), so there is a relationship among the Fourier transformation of velocity response, acceleration response and displacement response in equation (9) and equation (10) .
The equation (8) is converted to equation (11) .
Transfer function H(w) can be obtained in equation (12).
It can be seen from the equation (12) that when the mass, stiffness and damping of the structure are certain, the transfer function H(w) is only a function of frequency, so the transfer function has nothing to do with the excitation. It only reflects the inherent characteristics of the mechanical system itself.
In general, as a complex function of frequency, H(w) can be expressed by module |H(w)| and amplitude φ(w) and can also be expressed by the real part Re[H(w)] and the imaginary part Im[H(w)], where the |H(w)|, φ(w), Re[H(w)] and Im[H(w)] are called the amplitude frequency characteristic and phase frequency characteristic, frequency characteristic and imaginary frequency characteristics [10] [11] .
Therefore, the transfer function establishes the quantitative relationship between the input and output of the system, and can estimate the structural response of each exciting force on the surface of the system to predict the vibration condition of the car door. In addition, through the identification and analysis of each transfer function, the dynamic parameters of the structure can be obtained to conduct the modal identification of the system, which provides the basis for the design improvement and the attachment layout.
The structure is calculated by the finite element method, then discrete structure, divided into a plurality of units, the formation of [M], the mass matrix stiffness matrix and damping matrix of [K] [C], when the given frequency domain load x (W), displacement, velocity and acceleration can be obtained in the frequency domain response. If the {x (W)}={1} is the unit array, then there is
Thus, the transfer function of the system n frequencies can be obtained.
MODAL ANALYSIS
The modal analysis of the car door is carried out in Nastran. The mode of vibration is shown in fig. 2 . It can be seen from figure 2 that the maximum vibration amplitude of the door is concentrated in the middle of the door, window frame , inner and outer plate, so the vibration characteristics of these parts should be analyzed mainly. The modal test is carried out in the semi anechoic chamber to avoid the influence of external vibration on the test. The first six order modes of the car are measured by hammering method. The contrast of first six modes of frequency simulation and test is shown in Table 2 . It can be seen from table 2 that the results of corresponding simulation and experimental frequency of each order modal are relatively close, and proved the accuracy of the finite element model.
SIMULATION AND VERIFICATION of TRANSFER FUNCTION Transfer Function Simulation of car door
The simulation of transfer function is analyzed in Nastran, and the excitation and response points are shown in Figure 3 . According to the actual door and body connection position, the incentive point is respectively 1, 2, 3, The response points A and B are set in the position of the first maximum amplitude modes and second modes. The simulation is divided into six operating conditions. Three excitation points correspond to two response points. the unit force is applied at the excitation point, and then the acceleration of the response point is obtained.
Transfer Function Test of Car Door
The hammer method is used in the tests of mode and transfer function, and the test system mainly uses the non-fixed excitation system. As shown in Figure 4 , the system includes white door, force hammer, acceleration sensor, and LMS data acquisition system and so on. The test is carried out in a semi anechoic chamber to avoid the effect of external vibration on the test and make the result more accurate. According to the characteristics of the door structure, the outer surface of the door is regared as a test selection. The layout of the sensor is based on the exciting position of simulation. The measuring points are uniformly arranged on the outer surface of the door, so that the number of measuring points are in less than 30. The location coordinates of the measuring points should be input to the data acquisition system. The door geometric model is established with the door hanging freely on the bench. The hammer is treated as input, the acceleration sensor is tested as output, and then the transfer function can be gotten through the inverse method. The simulation and verification results are shown in figure 5 . In Figure 5 the simulation results fit well with experimental results, error is less than 5%, indicating that the simulation method is effective; the corresponding relationship between the door and the pole transfer function of each natural frequency is shown in Table 3 , which √ said transfer function pole is corresponding to the inherent frequency of the door.
CONCLUSION
In this paper, the finite element simulation analysis method is used to analyze the vibration transmission characteristics of car doors. The following conclusions are obtained by experimental verification.
(1) The vibration transfer function of car door is analyzed by finite element analysis method based on HyperMesh and Nastran, and its feasibility and effectiveness are verified by experiments.
(2) The region without √ in Table 3 said that there is no corresponding pole between the natural frequency and the corresponding transfer function, which Indicate that a natural frequency of the door is not a pole of the transfer function of the door; on the contrary, The area with √ in Table 3 said that a pole of transfer function has a corresponding natural frequency which means that a pole of the transfer function is bound to be a natural frequency of the door. Therefore, the poles of transfer function cannot be obtained by all the natural frequencies of the door. 
